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IISTHOD OF OPERATION o 

Schematic - Test And Sender Circuits - Outgoing Trunk Test Board - Machine Switching 

System. ^ 

SOUTHWESTERN BELL TEI,EPHONE COMPANY 

MAIN OFFICE - KANSAS CITY MISSOUBI ^ ' 

rrENERAI' DESCRIPTION 

1. This circuit is a sender and test cord comhined. It is used to test trunk 

circuits outgoing to a relay call indicator office, a tandem iMrcircuit 

office or a mechanical office. Three sequence switches are circuit 

namely, cord switch, (R-l) sender switch (R-2) and impulser switch (R-- ). 

MECHANICAL C AIDS . 

2. men the plug of the test cord is inserted in a non busy outgoing trunk 

jack to a mechanical office and the test number is set up on / * 

with the full mechanical PM start key depressed the trunk is ^ . 

hnntinir selectors and selection begins. If the plug of the cord is inserted^i 

the lack of a busy trunk the red lamp lights and the recording keys are ineffectiv . 
me gr^n lamp flLhes during selection. If the red lamp is lighted after me 
green lamp has started to flash, it is an indication that the incoming or final 
fircuits Lve gone to tell-tale. Should the start key be held operated, and if 
after selection is completed the TEST key in the associated voltmeter test cord 
circuit is also operated, the trunk under test is connected through to the vol - 
^eter cirLit! Tf IL skrt key is not held operated, at the time trunk closure 
Te^el piace the associated incoming circuit goes to ringing position and the green 
larip signal is changed from a flashing to a steady one, 

3. v/ith the circuit closed through in talking position, the white J^^P ^ 
under control of the s^/itchhook at the called station. The circuit may be restored 
” normfS Aoon a. the rinsing eignal Is received by remoylng the 

test cord from the assooiated trunk Jack, or it may he restored at any stage of 
the circuit process by the operation of the disconnect key. 

H aTJ. rNniOATOR AM) TANDEM IFfDIGATOB OAILS 

for ..^l^ohLI^aSrs^ :Ith1i: ;SlSnreXunaf;inxS 
inserted in the ongoing tr^k tie tS and RCI 

call nfthe FM key. In the case of a tandem indicator call, 

tS°oS«?ne?ressas the proper tandem tens and tandem units keys depending on 
the office called. 
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T>7J?ATLTiT) 'OSSCRIPTIOW 
OPERATIOIT 

ffTiTVS : -MBGHAWIOAL CALLS 

5 With the plug of the cord inserted in the test jaclc of a non busy outgoing 

trunk jack, the operation of the full J,™^frtS°the m relay 

and TIB relays in series. The FM relay opera relay. The opera- 

tmder control of cam G of the cord sequence f of the cord 

tlon of the TIB relay connects ground on its make contact relav oper- 

tiS i)ng the trJk busy to all hunting " posU 0 ^ 4 in ^ ^^r. 

:nnL^«:1f per Lntao o, oa™ H. ■ 

break oontaot of 00 lo«f wter contact 0 ^ 00 ^” to battery throutft 

relay, mahe contact of ^ ^ .. gender s'.vitch in position 4, the 

rr ::-niroir kro^bo^ 1^^^^ 

der switch and upper inner con ac o g^gen lamp flashes in this position as an 
cord smtch from position 1 to :^sition^. switch in position 2 and 

indication that selection is ^ ^ PM resistance are bridged across 

the sender switch in position f eells, the TC relay will be 

the tip and ring of the cord, trnnk circuit at the distant office, 

operated by battery and gro^d \ in turn advances the sender 

StS SiLuP 1! Th^lra^f “relayl’relaase when the sender switch leaves 
position 4. 

6, With the sender switch in ^”^(^^ning°of the^trunh for operating 

the fundamental circuit is 0^°®® cpTprtion The path being from the distant office 
the STP relay for incoming through both lower contacts of 

over the ring of the trunh and the ^i ^ ■ which is differentially 

cam N. of the cord ^itoh. 35 ohm winding J^^w of the current, both 

wound and therefore will not oP^^ate wi ^ ^ ^ contacts of cam N of 

windings Of STP relay, breate ^ gy oLtaots of cam M, of the cord switcn 

the sender switch, upper outer ^d office. The selection of the 

tip of the cord and tip of the trunk t number of counting relays 

incoming brush at the distant o i thousandths key operated, The associated 

set. which in turn are ^.^'^^cefto its bruJn selection position, 

ipcomlng circuit at the seijnent. successively short circuits and 

and by means ot its i ““"“f Own elch operation and release of the 

■ permits the re-operatlon of the ^ and looked. The circuit for oper- 

STP relay, one set ^from blttery through contacts of cams J and 1 of 

ating the counting relays is traced from .y 
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the sender switch the winding of counting relay #3, assuming that the^ 

4 is to be selected, break contact of counting relay #3' to 

tiected by strapping to all terminals designated 3 at the right ° ^ or i-7 


{?0 select #4 incoming brush it is necessary that thousandths key 


Keys# \ VO Btjxwoi/ -/fHr Aiioumxiies i-THPr 

be operated), inner right make contact of thousandths ^®y cam K, 

and lower outer contacts of cam H, make contact of STP relay, ° ^ oround on 
operating the #3 counting relay. With the #3 counting relay operated,^ 
its armature is connected to the winding of the #3* counting re ay, y^^inding 

Operate at this time, due to the ground connected to the other .f ^'^ 3 oViSed 

?Lough the contact of the STP relay. V^en the A commutator brush in^^the ass^^^ 

incoming selector at the distant office makes contact with ^ 

seLnt. the ST? relay short circuited and released, disconnecting from one 

^LTof’the J costing relay »•. T/anlf^Je^^he 

pulsing circuit through its arma,ture a«<J make counting relays are 

relays, ready for the next pulse. The ,r2 and ifl and #0 c^-iAr^i-lvelv applied to 
similarly operated on the second, third and fourth pulses respectively. PP 

the fundamental circuit. 

7. men the STP relay releases on the fourth Sttery through 

in parallel and in series with the 0 relay look ^ The operation of 

the 0 relay, to ground on the armature ° selection. The 

the B0» relay opens the fundamental circuit ® ^ to battery through the R 

PO relay operated closes a circuit from groun. ■ 4 . t •no'sltion 7. 

magnet of the sender switch, advancing the sender switch to p 

8. The function of the circuit through the K and H ^?y®^gTon'^^the°°” 

taot Polarity of the etepplhg relay tor aaoh euoceeding seleotror to prolong 

life of the relay contacts. 

9 . with the eepder evvltoh Ip ’• "/Soap^rele^^tLlr 

in a mannar similar to Inoomlng brush soleotion. ® ^ hundredths 

pends upon the olosure of the thousandths ifoper^ted by ground 

key (assuming that the number called ^ circuit for operating 

on tie right make contact of key 5 In the fjt inner make oon- 

the counting relay is traced from ground on ° 4 ^^ to the ijl counting 

tact of thousandths key #6, make contact of IS relay operated, the 

relay which functions as previously described, \/hen the l<0 rei y 

switch is advanced to position 9. 

Pinal brush, tens, and units selection. 

. . •*. 4 rav, Q n fl-nA 13 final brush tens and units 

10. With the sender switch in ting relays is traced in these 

selection tal^e place. The circuit opera ^ 5 to the 0 counting 

cases from cam K. through left make contact of Hun^xredths ke^ 


(11 Pages) Page ^,'4. 
Issue 1 - BT-438517. 
March 25, 1920. 


relay, through TENS key 4 to the #4 counting relay and from UNITS key 3 to the -,,-0 
counting relay. 

11. In position 15, the sender circuit closure is iTiade for the purpose of 
advancing the^final and the incoming circuits. Reverse battery xs 
over the fundamental circuit by the incoming circuit f ® ‘ ^ 

STP relays in series. With these relays operated the 0 relay 1 .v ‘ 

SLuit ?rom ^oSd ^n the armature of the OPL relay, lo^er inner and upper contacts 
orcam\r^kf cSlLt of STP relay, upper outer and l-ar_"ont^ts of cam ^ . 

through the ^vinding of the 0 relay to battery on cam 1. .f ® ° ^^J^ion 16 

the P0‘ relay is again operated and advances the sender s'vitcn to position 16. 

sSSr swlRh imposition 16, the 00 relay is operated -or a^xrourt 

■Pron' batterv througli its ’binding, both inner contacts of cam h, to ground ^«rou,,n 
from battery tnro y e oender switch. The CC relay operated ad- 

the lower inner contact of cam L of the senaer switon. uib ^ y . 

ranoes the oord sirttoh to position 3 over a circuit fron f " con- 

Of the TK relay (normal ) , lower outer and upper inner contacts of cam H, ina.xce ^n 
?Lrof the TOrelay, upper outer contact of oar. 0 to battery throush the S ma^et. 
■Sh “the Srd“sStS-in"posltion 3. the green ZZtll 

iLf s-xltch trem'advanclng. IVheu the test Hey 

lioi r ®e ou?^lne ^unH under this condition is closed ' 

meter circuit for testlns. 'Jben the voltmeter test is ^ advances the 

is released hy the release of the start key and ground on its 

c^rrl^Hoh t?om position 3 to position 4 and the Y?",Smv'rmr4:«1amo 
With the oord sv/itoh in positions 4 to 6 inclusive, ^ 

steadily as a ringing signal, mth the oord sultoh 1" P-ilxon 3^to 7^xn-^ 

elusive, the TO and ^ the fundamental circuit 
Jrt t^“irsS tut“Sr reSy'SMS'ir^farlred will -t operate ™tll the 
o-r^ntr^ersed -Ob IS cause b.^- caU being .^the .sta..t^^^ 

SJSgi 1^: SSliri- ou~tacts Of c^^. -e^oontaot^ 

of the TO relay, to gro^d on ‘"e armture of the ^ 

be removed from the test jack, ‘^^en tn ,, o g operated over 

and before the reaches p tx n the^^ 

on the armature - -e «^relay.^_^Xn^exther case^^ 
the 00 relay operated advmoes the cor oi - through the lever outer and 

a Circuit from ground on ‘"e armature of the ffi^relg.^ thro g^^^^ 

upper inner majmet The cord sequence switch is advanced from 

rS SsntTb^r release cf^the o^ 

Ssfa^/of?J:: rrynsf ... outgoing trunn ,aoH. 
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releasing the TG relay. The CC relay J ^ contact of the TIC relay 

tion 7 in a circuit from ground on the armature a contact of CG relay, 

through lower outer and upper ^ r magnet. In position 7, 

lower outer contact of cam C, to battery ® ^ line called, and the 

the talking circuit is closed between tie ®® ^ relay which in turn is controlled 

white supervisory signal is relay is operated by the operation 

over a circuit from the distant f ,^VcoS circuit, connecting the test 

of the test key in the associated voltmeter test cord cir 

cord through to the voltmeter test circuit for testing. 

Q - * +->1 the tef^t cord ronioved 

12. With the cord switch in position 7 p^round on the armature 

from the jack, the CC relay is operated in ® contacts of cam D to battery 

of the VM •’•elay, break contact of TO r 5 ’ position 9, in a circuit to 

through its winding, advancing the cord s^.ntch to post, 

ground on the armature of the TK relay. 

to normal from ground 

13. All three of the ®®f ®”°®/'^jg°55%Say! With the cord switch in posi- 

on the armature and break contact o /. relay is connected through 

tion 4 to 9 inclusive, ground on the armature of^th^^ grot^d on cam 

both lov/er contacts of ^ either off-normal positions (13 or lb) 

C will advance the impulse switch ^ position 1, the same ground, 

to normal position (1). With the impul ‘ ^^y off -normal position, 

through cam 0 advances the sender switch to no ^3 

by the way of the lower inner f position 9, the same gi’o-and 

sLder sv/itch in position 1 and t^® ®°’^. ^ J ^ position, by the way of both 

rtrooX?s“%‘S r .tltoH a., tne upper outer oeptaot oP ca« B 

Of the cord switch. ^ 

. xxx.n<xpc.s the disconnect key if operated will 

14. At any stage of position 9 awaiting re-set. 

advance the cord sequence switch into position 

P5. ..reu tae plus ot tue test o/S 

+.--r.iik, the TK relay is operated signal and opens the circuit 

Ihe TK relay operated g are operated thus making the start keys 

in which the MB and associated relay 

ineffective. 

m'RLL T.\LE t 

16. in mechanical calls if jy^^g^ers^batterrSd'^ the_ 

tell tale, the OPL relay will of the OFL relay, are connected series 

Incoming circuit# In this case ^ ^ ^ relay* ij^ lighting the red 

of ?Sr:Uuro Of the TK relay. Both lo„er oontaots 
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of cani IC of the oord switch, both upper contacts of cam D of the sender switch to 
battery througli the red lamp. 

OVERB’L OW 

With the sender sv/itch in position 9 and the cord switch in position 
the ir.GO'ring circuit goes to overflov/ it reverses battery and ground over the funda- 
mental circuit, operating the OPL relay. With the OFL relay operated, the TK 
operates and lochs under the control of cam J of the cord switch, and cam L of ■ die 
sender switch. With the TK relay operated, the cord sivitch is advanced from posi- 
tion 2 to position 8, where the white lamp flashes as an overflow signal. The oir- 
ouit in which the cord switch is advanced is traced from ground on the armature of 
the TK relay, through both lower contacts of cam K, both inner contacts of cam D to 
battery through the E magnet of the cord switch. 


EP.rr.AY aiLX. IITOICATOE CALLS 

18. On calls of this class, the circuit functions in a manner similar to 
that described for •'Mechanical Calls" with the following exceptions. The start 
Key ECI is depressed in place of the FM Key and the Cl relay operates in series witn 
the M3 relay in place of the PM relay. The impulser switch if off normal is ad- 
vanced to position 1 over a circuit from ground on the armature and maKe contact of 
the M relay t "both upper contacts of cam H, hrealc contact of CO relayf both outer 
contacts of cam D of the test cord switch, maKe contact of the 01 relay, break con- 
tact TA relay, both lower contacts of cam E of the sender switch, lower inner con- 
tact of cam B of the impulser switch to battery through the R magnet. The sender 
switch is advanced from position 1 to position 2. by the circuit closure previously 
described, extended through both inner contacts of cam D of the Impulser switch and 
the unper outer contact of cam B of the sender switch to battery through the R mag- 
net. With the sender switch in position 2 the cord switch Is advanced from position 
1 to position 2 by the same circuit closure extended through the upper outer and 
lower inner contacts of cam 0 of the sender switch and upper inner contact of cam B 
of the cord switch to battery through the R magnet. With both the sender and cord 
switches in position 2, the TG relay is bridged across the tip and ring of the oo^d 
for the purpose of ligjiting the guard lamp In the call indicator circuit (n^ 
and for preparing the sender for the call indicator impulse transmission. The J?G 
relay is battery by battery and ground from the call indicator circuit (not shovm) 
in turn operating the TK relay. The TK relay operated locks in a local circuit to 
,o-round on the L cam closing a circuit through both lower contacts of cam K of the 
cord switch and the upper inner contact of cam B advancing the sender ^switch from 
nosition 2 to position 3. With the sender switch in position 3 the TK relay is 
held operated to ground on the armature of the TG relay and the holding circuit for 
the TG relay is transferred through the contact of the TK relays. ’.Wien the circuit 
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is opened hy the operation of the assignment Icey in the call indicator trunk cir- 
cuit (not sho^m) the TG relay releases in turn releasing the TK relay. With the 
sender switch in position 3, the cord switch in position 2, and the TIC relay re- 
leased, a circuit is closed advancing the impulser switch through one revolution. 
This circuit is traced from ground on the armature and break contact of the TK re- 
lay, lower outer and upper inner contacts of cam H, break contact of CO relay, both 
outer contacts of cam D, make contact of 01 relay, break contact of TA relay, lower 
inner and upper outer contacts of cam E of the sender switch, lower outer contact 
of cam B of the impulser sv/itch to battery through the R magnet. VTnile the impiilser 
switch is advancing through one revolution, impulses of positive and negative 
battery and ground are sent over either the tip or ring of the trunk to the distant 
office through either hicdi resistance (3500) or low resistance (52.5 ohms) in 
accordance v/ith the recording keys depressed. This causes certain relays at the 
distant office to operate and lock, displaying the number coirresponding to the keys 
onerated. The stepping and counting relays are not used in sending calls to relay 
call indicator offices. With the impulser s^vitoh between positions 16 and 18 in- 
clusive, a circuit is closed in which the CO relay operates. This circuit is traced 
from battery through the CO relay, both inner contacts of cam E of the cord switch, 
both inner contacts of cam K of the impulser sv;itch, break contact of TAN relay, 
both outer contacts of cam Q of the sender switch, to ground through the lower 
inner contact of cam G of the impulser switch. The CO relay operated advances the 
cord switch from position 2 to position 3 from ground through the back contact of 
the TK relay. From this point on the circuit functions as previously described 
under '’Mechanical Call". 

TANDE?T gall INDICATOR 

19c On calls of this class, the circuit functions in a manner similar to 
that described for the non-tandem calls excepting that the tandem recording keys 
are brought into play, and the impulser switch is governed so that it transmits 
tandem impulses followed by regular impulses. The TAN key depressed operates the 
TA relay in a circuit from battery through the relay, make contact of the TAN key, 
lov/er inner and upper outer contacts of cam G of the cord switch to ground on the 
armature of the TK relay. With the TA relay operated, the 01 and MB relays oper- 
ate in series and lock as previously described through the make contact of the 
01 relay. The TA and MB relays operated advances the impulseh switch from position 
1 to position 13. This circuit is traced from ground on the armature of the MB 
relay, both upper contacts of cam H, break contact of CC relay, both outer contacts 
of cam D of the cord s’A^itch, make contacts of Cl and TA relays, lower inner and 
upjjer outer contacts of cam F of the sender switch, upper inner contact of cam B 
of the impulser switch to battery through the R magnet. i7ith the impulser switch 
in position IS, the TAN relay is operated by the circuit closure previously des- 
cribed, extended through both outer contacts of cam D as the impulser switch to 
battery through the v;inding of the TAN relay. With the impulser switch in*position 
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13, the sender switch is advanced from position 1 to position 2 in a circm^^ j. om^ 

ground through the lov/er outer contacts of cam G of the impulser 

tact of the TA relay, upper outer contact of cam B of the sender switcn o ao ery 

through the R raa^et. With the sender switch in position 2 this circuit closure is 

extended through the upper outer and lower inner contacts of cam C of 

sv 7 itch and upper inner contact of cam B of the cord s’.vitch to battery 

R magnet, advancing the cord switch from position 1 to position 2. ° 

relays function as previously described on a direct call indicator cal 

sv/itch advancing to position 3. With the sender switch in position 2 ana , 

TAN relay is locked under control of cam Q of the sender switch and cam 

impulser switch. 'Wien the TG relay releases in turn releasing the TK relay f-ilouino 

the depression of the assignment key at the distant office, 

advances from position 13, through position 18 and through position 13 agai i i 
second revolution, in a circuit from ground through armature and break con.ac. oi 
TK relay., lower outer and upper inner contacts of cam H. break contact of Ow relay, 
both ovter contacts of cam D, make contacts of the 01 and TA relays, bo tn lowar 
contacts of cam P, upper outer contact of cam B to battery throug le ma_ . 

'^/hen the impulser switch has passed position 3 of the second revolution, “ 

relay is released, by its locking circuit being opened at cam G of the imp a 

switch. With the impulser switch in position 16 to 18, the sender swi . p 

tion 3 and the TAN relay released, the 00 relay is operated and advances tne cord 

switch to position 3. The circuit in which the 00 relay is operate if ' 

battery through the relay, both inner contacts of cam E of the 

inner contacts of cam K of the impulser switch, break contact of TAR relay, ■ 

outer contacts of cam Q of the sender switch, to ground through 

of cam G of the impulser switch. The revolution of the impulser S'^itch 

tion 13 of the first revolution to position 16 of the second revolution ti-Hnomit. 

the tandsm tens, tandem units, stations, thousandths, hundredths, tens and to 

in the order as given, to the distant office. Prom this point on the cir 

functions as previously described. 
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GIROUIT REOUIREA>[MTS 


•B60 

(TO) 


OPERATE 

Test ,0034 
Readj. .0032 aa^ 


UrOTa-OPERATE 

Test ,0022 amp. 
Headj. .0024 amp. 


B142 Test ,0045 amp. Test .0031 amp. 

(TG) ReadJ. ,0042 amp* Readj, ,0033 amp. 


B143 (OPL) Test .032 an^). Test ,021 amp. 

Primary & Readj, ,030 amp, Readj. .023 amp, 

Tertlai'y 
in Piilt. 


Secondary 


On 50 volts. 


Spl, E34 Test .023 amp, 

0-20624 Readj. ,017 amp. 

Coded E414 

(Jffl) 


Test ,010 amp. 
Readj. .011 amp. 


Spl. E106 Test ,019 amp. Test .0085 amp, 

l)-22092 Readj. .016 amp, Readj. .009 amp. 

Coded E635 
(VM) 


Spl ^ FI 06 Test .019 amp. Test ,0085 amp. 

i; Readj. .016 amp, Readj. .009 an^, 

COdei. £566 
^ i/TAC/j; 


Spl. F’j 97 Test ,019 amp. 

D'«£0255 Readj. .016 amp, 

E5?2 (IG) 


Test .0095 amp, 
Readj. ,010 amp. 


RELEASE 




OPERATE 


CIRCUIT REQUIREtilENTS 

NOM*OPBRATE 


Spli E265 Test ,018 arap, 

0-20325 Readj. ,014 amp. 

Coded E623 
(TA) 


Test ,0065 an^, 
Readj, ,007 amp. 


Spl. E106 Test *019 amp. Test ,0085 amp, 

0-22092 Readj, ,016 amp, Readj. ,009 amp. 

Coded E635 
(TK) 


Spl, E24 Test ,0088 amp. Test ,0055 amp, 

0-22077 Readj, ,0083 amp, Readj, ,0058 amp. 

Coded' E640 
(GO) 


Spl, £18 
0-20063 
Coded E643 
(Cl & PM) 


Test ,020 amp. Test ,0075 amp, 

Readj, ,012 amp, Readj, ,008 amp. 


#203-A (S) When positive 

battery is oon- 
nected to the 
positive terminal 
of the relay. 

Test ,003 amp, 
Readj, ,0025 amp. 


#207‘-A {STP) Test ,010 amp. Test ,009 amp, 

Ariiiat'are air Readj, ,0098 amp, Readj, ,0092 

gap f 013" to 

o014" contact 

air gap ,003" 

to .004" 


#208 D-20782 Test .0152 arap. Test ,0138 ang). 

Coded #208-G Readj, ,0148 amp. Readj. .0142 amp. 

counting relays 
0 to 9 armature 

gap ,018" to • 

,021" Contact 
gap .004" to 
.005" 
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RELEASE 


On open circuit. 
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OPERATE 

CIRCUIT REQUIRSIENTS 

NON-OPERiVTE 

RELEASE 


#208-B Teat ,0152 amp. Test ,0138 amp, 

counting Readj* ,0148 arap, Readj. ,0142 amp, 

relays 1 to 9 
Armature Gap 
.018»» to .021« 

Contact Gap ,004** 
to ,005'» 


#208-0 BO* Through relay, 

and PO* Test ,0.122 amp. 

Armature Gap BeadJ. .Olia anf>, 
,018” to ,021” Through BO* and 

inch Oontaot PO* relays in 

Gap .004'' to parallel 

.005'* Test .0244 arap. 

Beadj. .0236 amp. 


Throu^ relay. 

Test ,0108 amp, 
Readj. ,0112 amp. 
Through BO* and PO* 
relaye in parallel 
Test .0216 amp. 
Readj, .0224 amp. 


ENG.— PTH-JO 

10 / 6 / 21 . 


CHK'D.— CfflV, 


APEROVED-0.h.SHTOTER, G.M.L, 


